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A study of the effect of organisms on rabbits' appendixes when
intravenously injected showed that this organ in these animals was

not always the tissue most seriously attacked, and, furthermore, was

never the only organ to exhibit alterations in its structure. The injec-
tion of large doses of active cultures produced a widely disseminated
infection, with the development of lesions in several different organs.
Although the material was selected with a view to demonstrate an

elective affinity on the part of the organisms for the appendix, we were

unable to determine such an affinity, even though the appendix was

affected in a large number of animals. The striking feature of the
experiments was the almost uniform regularity with which certain
organs were attacked. Lesions were found more frequently in the
stomach, lungs, skin and endocardium than in the appendix. The
entire gastro-intestinal tract was commonly the seat of hemorrhages
and presented this picture in the following order : stomach, appendix,
duodenum, small intestine, cecum and large bowel. Hemorrhages
were also noted in the thymus, muscle, pericardium, pleura, and peri-
articular tissues and eye, in the order named. Almost without excep-
tion the spleen was enlarged, with tense capsule and a soft, deeply\x=req-\
colored pulp. Vegetative endocarditis was found in thirteen rabbits.
Where there was no hemorrhage, acute lesions were found at times in
the myocardium, liver, kidney and skeletal muscles. Sometimes these
areas could be recognized in the gross as small yellowish foci. The
joint fluid of the knees was frequently cloudy, or the synovial lining
quite pink, and the organisms were recovered from these in forty-eight
rabbits. Cultures made from the brain in forty-six rabbits gave eight
positive results. Twenty-one of these animals showed small petechiae
in the lining of the lateral ventricles, and five of the animals showed
small hemorrhages in the white matter of the cord. Ten positive
cultures were obtained from the gall-bladder. From this brief descrip¬
tion it is evident that the injection of micro-organisms into rabbits'
veins produced a widespread infection, and in this article we wish to
discuss in detail the lesions observed.

* Submitted for publication, July 18, 1918.
* From the Cornell University, Surgical Division, and the Pathological

Department of Bellevue Hospital.
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MATERIAL AND METHODS

The material for this work was selected with a view to determine
the effect of organisms from certain sources on rabbits' appendixes.
All of the organisms from the different materials were studied in an

effort to gain information on the elective tissue affinity of organisms.
The material for this work was obtained from appendixes, from the
tonsils of patients having appendicitis, from several pairs of tonsils
and adenoid tissue removed in the children's clinic, from tonsils of
fracture patients otherwise healthy, and pus from an infected hand.
Among the appendixes there were included two normal appendixes,
two acute ulcerative appendixes, three acute gangrenous appendixes,
three chronic appendixes, peritoneal fluid in one case of appendicitis
and pus from an abscess in an abdominal incision following an opera¬
tion for acute gangrenous appendicitis. The tonsils studied consisted
of those from five of the patients having appendicitis, and those of
thirteen patients not suffering with this disease ; of the latter group,
ten were from patients with fractures, but otherwise well, while the
remaining three consisted of tonsils removed from children affected
with chronic tonsillitis. A mass of adenoid tissue from one of the
latter three was also used for culture. The details concerning the
method of making the cultures is contained in the paper entitled
"Experimental Appendicitis." The majority of the animals received
doses varying from 15 to 75 c.c. of the original growth; however, at
times the entire sediment from 150 c.c. of the original growth was

injected into one animal. The individual variation in resistance among
the rabbits was a marked feature, in that some of the animals which
received a small dose developed a severe bacteremia with many lesions,
while other rabbits inoculated with a larger dose of the same material
lived, and when killed revealed but few alterations in their organs.
The- organisms used for these experiments included hemolytic and
nonhemolytic streptococci, pneumococci, staphylococci, B. mucosus

capsulatus and B. coli. Fifty-eight animals received cultures con¬

taining hemolytic streptococci ; of this number there were Streptococcus
pyogenes, 39 ; with S. infrequens, 6 ; with S. anginosus, 3 ; and with
S. subacidus, 10. Forty-three rabbits treated with material containing
green streptococci were divided in the following way : 32 with S. sali-
varius, 3 with 5". mitis, 6 with 5". equinus, and 2 with S. fecalis. With
the streptococci it was found that rabbits inoculated with hemolytic
organisms developed a more severe type of bacteremia. Twelve
rabbits were treated with material including organisms of the cap-
sulated gram-negative group of bacilli, and five received material
containing B. coli. Six animals were injected with material from
which a staphylococcus was isolated as the principal organism, while
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one rabbit received an injection of a culture of pneumococci. Owing
to the large dosage, most of the animals died within twenty-four hours ;
and those which survived the inoculation were chloroformed at varying
intervals not exceeding five or six days. Of the 125 rabbits used for
these experiments, eighty-one died and forty-four were chloroformed.
During these experiments our attention was particularly directed to
an effort to reproduce appendicitis similar to that described by
Rosenow,1 in which he attributes an elective affinity to streptococci,

Fig. 1.—Animal 53; liver; Streptococcus anginosus; showing focal necrosis.

staphylococci, and B. coli isolated from the teeth, tonsils or appendix
in individuals suffering with this malady. Consequently, as prescribed
by him, we administered large doses of the isolated organisms both
from the original material and after animal passage. Routine necrop¬
sies were made on all animals as soon as death was discovered, or

1. Rosenow : Jour. Infect. Dis., 1912, 11, 210; idem., Jour. Infect. Dis., 1914,
14, 61.
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immediately on chloroforming. Cultures were made routinely from
the heart's blood, knee joints and gallbladder, and sections of all the
organs were fixed in Zenker's fluid and formaldehyd solution for
microscopic study.

ORGANISMS STUDIED

As previously stated, all of the organisms isolated from the dif¬
ferent sources were employed for inoculation. The sediment from
each original growth was used either in whole amount or divided
doses. Consequently, many of the rabbits received a mixture of
organisms. At the time of inoculation, human blood agar streak plates
were made in an effort to determine the nature of the organisms

TABLE 1,

Organisms Injected

Pneumococcus.

B. Friedländer.

 . acidi lactici.

 . lactis aerogenes.

 . coli communis...

Staphylococeus.

No. of
Animals

1

1

io

1

5

Stomach Appendix Duodenum

15

Small
Intestine

TABLE 2.—Percentage of Lesions—

Organisms Injected

Streptococcus hemolyticus.
Streptococcus viridans.

General organisms.

Total.

No. of
Animals

58

 13

H

Stomach

38 (65%)
27 (63%)
20 (83%)

85 (68%)

Appendix

30 (52%)
16 (37%)
16 (66%)

62 (49%)

Duodenum

19 (32%)
19 (44%)
15 (62%)

53 (42%)

Small
Intestine

17 (30%)
5 (11%)

16 (66%)

(30%)

administered. After isolation from the original material, or after
animal passage, pure cultures of the organisms were employed. Fol¬
lowing the use of the original mixture, our attention was particularly
directed to the streptococci contained in the original material and also
those obtained from the animals at necropsy. These organisms were

classified and studied according to the methods described by Holman.2
Although as already stated, we were chiefly interested in the effect of

2. Holman: Jour. Med. Research, 1916, 34, 377; idem., Jour. Med. Research,
1916, 35, 151.
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the streptococci contained in the materials studied, we, nevertheless,
have quite a group of animals which were injected with other types
of organisms. Following this we have a number of animals which,
although injected with material containing organisms in addition to
the streptococci, nevertheless exhibited lesions which were quite char¬
acteristic for the streptococci.

DISCUSSION OF THE BACTERIOLOGIC RESULTS

With the administration of mixtures of organisms, varying degrees
of infection were noted. Although depending in part on the dose
given, it was frequently found that animals which received a small

General Organisms

Heart

Hemor. Infllt.
Joint

Muscles
Infllt.

Periart.
Endocardium

Hemor. Infllt.
Kidney Thymus

12

—Showing All Types of Organisms

Heart

Hemor.

12

Infllt.

10 (27%)
14 (44%)
2 (12%)

26 (30%)

Joint

28 (48%)
7 (1ß%)

13 (54%)

Muscles

Hemor. Infllt.

3 (15%)
0 (14%)
2 (16%)

5 (15%)

Periart.

8 (14%)
5 (11%)
2 (8%)

15 (12%)

Endocardium

Hemor.

33

IS

17

Infllt.

3 (62%)
10 (65%)
2 (79%)

15 (66%)

Kidney

4 (7%)
7 (16%)

0

11 (8%)

Thymus

24 (41%)
11 (25%)
12 (50%)

47 (37%)

dose were more seriously affected than other animals that had
received a larger dose of the same material. Another point worthy of
note was the ultimate effect a certain organism or mixture of
organisms had on different animals. The degree of bacteremia varied
to a great extent, and the same organisms were not necessarily
recovered from all post-mortem cultures of a given number of animals
injected with the same material. Furthermore, in the post-mortem
cultures organisms were sometimes found other than those isolated
from the original material. Pneumococci and capsulated gram-negative
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bacilli were found on a number of occasions where these organisms
were not isolated from the original material. Although realizing the
difficulty of making an absolutely correct cultural diagnosis, we feel
that we are justified in emphasizing the importance of at least con¬

sidering these points in a serious light and not being too hasty in
believing that some organism which we found in the mixture had
changed its character after injection into the rabbit's veins. Holman2
has commented on the invasion of organisms from normally infected
sources when animal bodies are in a lowered state of resistance. Again,
different animals react differently to the same material, and we have
found varying results in post-mortem cultures taken from animals
injected with the same material. This variation was found in those
animals which were injected with mixtures containing several organ¬
isms. Animals injected with pure cultures of the same organism did
not show this variation so frequently ; however, occasionally the cul¬
tures in one animal would show the organisms injected, while those
in the other animal were sterile. All of the animals injected did not
show a bacteremia. However, a large number of the animals died as

rapid a death as those which showed organisms in the post-mortem
cultures. This must undoubtedly be attributed to the severity of the
toxemia produced. As previously stated, eighty-one of the rabbits
died. Of this number, forty-eight rabbits had a positive blood culture
at necropsy. Hemolytic streptococci were found 19 times, including
S". anginosus, 3 ; 5". pyogenes, 14, and .S. infrequens, 2. Green strepto¬
cocci were isolated 11 times, including vS". salivarius, 7 ; 6". mitis, 2, and
6". equinus, 2. The Pneumococcus was found in the blood of one rab¬
bit. Capsulated gram-negative bacilli were isolated 17 times, including
B. Friedländer, 3;  . acidi lactici, 12, and  . lactis aerogenes, 2. B.
coli communis was found 5 times, B. coli communior, 1, and B. proteus
vulgaris, 1. Six of these animals had more than one organism in the
blood. Hemolytic streptococci were found in cultures from the knee
joint 25 times, including 5". pyogenes 20, and 5". anginosus 5. Green
streptococci were isolated 7 times, all of which were S. salivarius.
Capsulated gram-negative bacilli were obtained 14 times from the knee

joint, including B. Friedländer, 2;  . acidi lactici, 9, and  . lactis
aerogenes, 3. B. coli communis was cultured 3 times. Cultures made
from the brain in forty-six rabbits showed 5". salivarius 1 and ¿". pyo¬
genes 7 times. Cultures made from the gallbladder showed B. acidi
lactici, 6; B. coli communis, 2; S. equinus, 1, and B. Friedländer, 1.
Along with the cultures just described, material was also taken from
the pleura, pericardium and peritoneum, where these membranes
showed definite signs of inflammation in the gross, with the result
that a causative factor was found in most instances. Streptococci
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were isolated from the appendix and glands about the cecum, as well
as from the periarticular tissues and muscles. Where the organisms
were not obtained in culture, they were frequently demonstrated in
gram-stained sections. Thus, we found a wide dissemination of
organisms in animals injected for the express purpose of demonstrat¬
ing a certain elective quality for a particular tissue in these animals,
with the result that lesions were found in other organs in a very
appreciable percentage of cases.

Fig. 2.—Animal 53; kidney; Streptococcus anginosus; showing embolus of
cocci and glomerulus surrounded by polymorphonuclear leukocytes, endothelial
cells and lymphocytes. There is also interstitial infiltration of these cells.

A survey of the bactériologie examination of these animals indi¬
cated that in a bacteremia the organisms are quite generally dis¬
tributed in all parts of the body. In case of the hemolytic strepto¬
cocci, positive cultures were obtained post mortem nineteen times
from the blood and twenty-five times from the knee joint. Rosenow1
has called attention to the frequency with which hemolytic streptococci
injected intravenously can be recovered from the joint cavities, a
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condition which, no doubt, is the result of the interaction of two
factors, the one the invasive power of the organism itself and the
other, the very favorable nidus which the streptococcus finds. Green
streptococci were cultivated eleven times from the blood and seven
times from the knee joint. Here there is a slight advantage for the
blood cultures which, no doubt, depend on the viability of the organ¬
isms, and further on the fact that green streptococci have more diffi¬
culty in attacking an uninjured tissue than do the hemolytic organisms.
Of the other organisms which produced a severe reaction in the ani¬
mals, the capsulated gram-negative bacilli were the most important.
These organisms were isolated from the blood seventeen times and
from the knee joints fourteen times.

Dick3 has commented on the apparent affinity of capsulated gram-
negative bacilli for the joints. Here we must bear in mind the marked
tenacity for life exhibited by these organisms and the very severe

general infections which are at times observed in humans due to these
organisms.

DESCRIPTION OF AND DISCUSSION ON LESIONS

The lesions observed in these experiments consisted of two types,
hemorrhagic and exudative. There was a wide distribution of hemor¬
rhages in the organs of the animals. In many animals hemorrhages
were found in all parts of the body. As listed in the paper entitled
"Experimental Appendicitis," the lesions which were most pronounced
were those observed as hemorrhage. Hemorrhages appeared more

often in the stomach, lungs, skin and endocardium than in the
appendix. The gastro-intestinal tract showed hemorrhages in the
following order : stomach, appendix, duodenum, small intestine, cecum

and large bowel. The thymus, muscle, pericardium, pleurae, peri¬
articular tissues and eye showed hemorrhages in the order named.
These hemorrhages were usually observed as small, discrete areas.

There were at times, however, quite diffuse hemorrhages about the
joints and into the muscles of the extremities as well as other of the
skeletal muscles. Microscopically, they were observed as interstitial
collections of blood cells, as in the muscles, while again diffuse hemor¬
rhages were found in the follicles of the appendix. The thymus very
often showed massive hemorrhage replacing the structure of parts
of the gland. At times infiltration of leukocytes occurred about and
through the hemorrhage. The blood vessels in the vicinity of the
hemorrhage commonly showed plugs of organisms without evidence
of inflammatory reaction. The protocol of Rabbit 63 will serve to
illustrate the extensive character of the hemorrhagic lesions which

3. Dick: Jour. Infect. Dis., 1914, 16, 176; idem., Jour. Am. Med. Assn., 1917,
68, 622.

Downloaded From: http://archinte.jamanetwork.com/ by a University of Pennsylvania User  on 06/20/2015



frequently occurred. This animal was injected with the sediment
from 150 c.c. of a twenty-four-hour growth of B. acidi lactici obtained
from an appendix. The animal died in one and one-half hours in a
violent convulsion. At necropsy there were extensive bright red
blotchy hemorrhages into the skin over the entire back. The con¬

junctiva bordering on the cornea and extending into the reflections of
the bulbar conjunctiva showed many bright red hemorrhages. These
varied in size from fine petechiae to quite large, irregular blotchy areas.

Fig. 3.—Animal 64; kidney; Streptococcus salivarius; showing embolus of
cocci in the glomerulus with an infiltration of large swollen endothelial cells.

The pleural cavities were free from fluid and there were no hemor¬
rhages into the pleura. There were, however, closely aggregated,
bright red, discrete areas in the soft tissue of the anterior mediastinum,
some of which were quite thick and suggested considerable leakage of
blood, although there was no free blood in the mediastinal space.
There was no hemorrhage into the thymus. The lungs were intensely
congested and showed blotchy hemorrhages beneath the pleura. The
endocardium of the left ventricle showed many discrete and confluent
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bright red hemorrhages. The omentum contained many bright red
hemorrhages. Some of these were blotchy, while others were very
prominent and formed small blood blisters. These hemorrhages mea¬

sured from 0.2 to 0.5 cm. in diameter. There were a few bright red
hemorrhages into the mesentery. The stomach showed several small
chocolate colored areas in the mucosa of the cardia. These did not
appear to be of recent origin. In the first half of the duodenum there

TABLE 3.-

Organisms Injected

S. pyogenes.

S. subacidus.
S. anginosus.
S. infrequens.
S. pyogenes—S. salivarius.

S. pyogenes—pneumococcus_

S. infrequens—B. Friedländer..

Total.

No. of
Animals Stomach

is

10

3

2

5

ß

4

19

5

3

1

3

4

3

Appendix

15

2

1

1

Duodenum
Small

Intestine

TABLE 4.-

Organisms Injected

S. salivarius.

S. equinus.
S. fecalis.

S. mitis.

S. salivarius—S. equinus..

Total.

No. of
Animals

31

fi

Stomach

1!)

4

2

1

1

Appendix

13

2

0

1

0

10

Small
Duodenum: Intestine

13

3

was no change. However, from here on there was a diffuse speckling
of the bowel with purpuric spots. These were visible equally well
from the serosa and mucosa. In the midportion of the ileum there
was an area of hemorrhage into the wall measuring 0.5 cm. in diameter.
There were many smaller pinpoint-sized areas scattered diffusely in
the bowel wall. Peyer's patches were markedly involved, presenting
diffuse areas of hemorrhage which extended deep into their substance.
There was a diffuse speckling of the cecum just beyond the ileocecal
valve. The appendix mucosa was peppered over with a great number
of small discrete and confluent hemorrhages which were just beneath
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the mucosal surface. The large bowel and upper rectum showed several
areas of hemorrhage in the mucosa. All of the animals injected with B.
lactis aerogenes and B. acidi luetici showed a similar picture, although
Rabbit 63 was the only animal which died so rapidly. Although micro¬
scopically these hemorrhages were observed either as interstitial or

more diffuse infiltrations of red cells which replaced tissue, there were,
nevertheless, occasionally inflammatory infiltrations.

—Streptococcus Hemolyticus

Heart

Hemor. Infllt.
Joint

11

4

0

0

4

1

2

Muscles

Ilt'iiiür.

28

Infllt.

Endocardium

Hemor.

33

Kidney Thymus

—Streptococcus Viridans

Heart

Hemor. Infllt.

13

1

0

0

0

Joint
Hemor. Infllt.

Endocardium

Hemor.

13

2

1

1

1

Infllt.
Kidney Thymus

With the streptococci, hemorrhage was a constant feature which was

more marked with the hemolytic streptococci. Here, however, in con¬
tradistinction to the animals treated with capsulated gram-negative
bacilli, exudative lesions were more apt to occur. Although very often
the latter lesions were not discovered except by microscopic examina¬
tion, they were, nevertheless, very clearly seen in the gross in some

animals. Rabbit 157 was injected with the sediment from 75 c.c. of a

twenty-four-hour growth of Streptococcus pyogenes. Five days later
the animal was very sick and was chloroformed and necropsied immedi¬
ately. There were yellowish white streaks in most of the skeletal
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muscles. These were observed as tiny spinales running in the direction
of the muscle fibers. They were compact arid no material could be
squeezed from them. On cross section they were seen as small round
yellowish dots. The same type of nodules were found diffusely scat¬
tered through the heart muscle and kidney. There was a pea-sized
warty nodule of yellow fibrin on the mitral valve which almost closed
the opening. Fading pinkish red areas were found in the mucosa of
the small intestine and appendix. Streptococcus pyogenes was isolated
from the muscle. Rabbit 64 was injected with the sediment from
150 c.c. of a twenty-four-hour growth of Streptococcus salivarius.
Two days later the animal died. Necropsy was performed at once.

There were blotchy hemorrhages into the skin of the back and sides.
Circumscribed, deeply-colored areas were found in the lungs as well
as blotchy hemorrhages into the pleura. The heart showed some small
petechiae in the pericardium, with many tiny pinpoint white dots shin¬
ing through. Similar small dots could be seen through the endocar¬
dium and on section they were observed as millet-like bulging masses

on the cut surface. They were solid and no material could be squeezed
from them. There was a warty fibrinous deposit on the tricuspid valve.
The stomach showed many fine petechial dots in the mucosa of the
cardiac end. A similar condition was noted in the first part of the
duodenum and also in the appendix. The kidneys showed a very
marked bright red streaking of their cortexes. The intermediate zone

was deeply congested and irregular in outline. There were many tiny
white dots distributed throughout the cortex and for some distance
into the medulla. These were similar in appearance to the foci observed
in the heart muscle. Streptococcus salivarius was isolated from the
heart blood and knee joint. Although these two animals were injected
with different members of the streptococcus group, the distribution of
the lesions was quite similar, save for the muscle, and microscopically
these foci had much in common. These lesions will be described in
detail later with special reference to the animals and ones showing
similar lesions.

One hundred and one animals were injected with streptococci.
Exudative lesions were observed in the heart twenty-four times, in
the kidney eleven times and in the muscle three times. Of the rabbits
which showed a myocarditis, 13 received S. salivarius and 10 5. hemo-
lyticus, including S\ pyogenes, 9, and 5". anginosus, 1. One rabbit was

treated with S. equinus. The two rabbits injected with staphylococci
showed abscesses in the myocardium. Changes noted in the kidney
were divided in the following way : 6 with 5". salivarius, 1 with S.
equinus and 4 with 5". hemolyticus, including .S". pyogenes, 3, and 5".
anginosus, 1. The skeletal muscle lesions were produced twice by
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6". pyogenes hemolyticus and once by S. hemolyticus infrequens. There
were two other rabbits which showed exudative muscle lesions, both
of which were injected with B. acidi lactici. However, in gram-stained
sections, both of these lesions showed gram-positive cocci in the neigh¬
boring vessels. Of the animals injected with streptococci, seven showed
exudative lesions in both the heart and kidney, while one of these
showed lesions in heart, kidney and muscle. The latter animal was

Fig. 4.—Animal 64; heart muscle; Streptococcus salivarius; showing embolus
of cocci surrounded by large swollen endothelial cells, some of which contained
phagocyted cocci.

inoculated with ¿\ pyogenes. Of the remaining 6 which showed lesions
in both heart and kidney, 4 received S. salivarius, while the other 2
were inoculatetd, respectively, with 5\ anginosus and S. pyogenes. As
previously stated, the prominent features observed in these animals was

the occurrence of discrete or confluent hemorrhages. The size of the
doses given caused a rapid death of most of the animals, while the
remaining members of individual groups were chloroformed either at
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the time or within a day or two for comparison. The high percentage
of hemorrhage observed in our animals

_ corresponds closely to the
results of Rosenow, who believes such hemorrhages are the fore¬
runners of exudative lesions. In our animals the hemorrhages occurred
in the majority of cases without evidence of inflammatory infiltration.
Small vessels in the vicinity of these areas were frequently found
plugged with cocci or bacilli, apparently without damage to the vessel
as far as evidenced by an inflammatory reaction. The effect of the
toxins of the organisms on the capillary walls must be an important
factor. However, from the foregoing evidence the mechanical effect
of these plugs on the vessel walls must also be a point of first impor¬
tance. When the amount of sediment given is considered, the rabbit
has received a considerable bulk of foreign matter into his vessels,
which, no doubt, has a decided damaging effect on delicate capillary
structures, apart from the injury done by the activity of the organisms
and their toxins. We believe, however, that the large doses employed
caused an overwhelming infection which was evidenced in the main
by a fairly constant distribution of hemorrhages in the several parts
of the animal's body.

Heart Valves.—-Thirteen rabbits showed vegetative lesions and in
two others the valves contained small discrete hemorrhages. Deposits
of fibrin were found on the mitral and on the tricuspid valve, each
six times. In one rabbit vegetative lesions were found on both the
mitral and tricuspid, while in the last case there was a mural vegetation
in the right ventricle. Eight of these rabbits were injected with green
streptococci, including 6". mitis, 2 ; S. salivarius, 5, and 5". equinus and
salivarius. Two received injections of hemolytic streptococci, 1 5".
pyogenes, and the other 6". infrequens. Of the remaining three, two
were given straphylococci and the third B. acidi lactici. Of the two
rabbits exhibiting hemorrhage into the valves, the first was inoculated
with 5". salivarius and the second with .9. equinus.

Endocarditis has been produced by a variety of organisms, and it is
generally known that the production of the lesion is associated with
infection. Fulci4 was unable to produce an ulcerative or vegetative
endocarditis by using sterile toxins, even when associated with mechan¬
ical or chemical injury. This observation was in accordance with the
work of Rosenback,5 done years before, who said that mechanical
injury did not of itself produce inflammatory changes in the valves.
So, as Orthe has pointed out, the presence of micro-organisms circu¬
lating in the blood is essential for the production of the condition.

4. Fulci : Ziegler's Beit. z. path. Anat. u. z. allg. Path., 1908, 44, 349.
5. Rosenback : Arch. f. exper. Path. u. Pharmakol., 1878, 9, 1.
6. Orth : Virchows Arch. f. path. Anat., 1886, 103, 300 and 333.
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About this same time Ribbert7 succeeded in producing endocarditis by
injecting emulsions of potato and staphylococci. However, since this
time, many other workers have succeeded in producing endocarditis
without first causing injury to valves. Saltykow8 succeeded by using
cultures of Staphylococcus pyogenes aureus. Lissauer9 found endocar¬
ditis in two of twenty rabbits which received injections of a coccus

Fig. 5.—Animal 116; kidney; Streptococcus equinus; showing dense inter¬
stitial infiltration of lymphocytes.
like Staphylococcus albus. Of the various organisms associated with
endocarditis, streptococci are the most frequent. However, other
organisms are found often enough to be given worthy consideration.
In forty-three cases of infectious endocarditis, Harbitz10 found 7 strep¬
tococci, 5 pneumococci, 8 staphylococci, 3 not classified and 10 healed.

7. Ribbert : Fortschr. d. Med., 1886, 4, 1.
8. Saltykow : Virchows Arch. f. path. Anat., 1912, 209, 126.
9. Lissauer : Centralbl. f. Path., 1912, 23, 243.

10. Harbitz : Deutsch. med. Wchnschr., 1899, 121.
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In the human, infectious endocarditis due to streptococci has been
described by a number of authors. Poynton and Paine11 concluded
that the endocarditis in rheumatism is due to the organisms of rheu¬
matism, and that the tonsils in rheumatic cases harbor the Micrococcus
rhcumaticus. Libman12 has described a type of subacute bacterial
endocarditis and he and Cellar have described in detail the organism
associated with this disease. Osier,13 Schottmüller14 and Horder15
have described a similar type of disease. Billings16 in a report of 14
cases of infectious endocarditis found pneumococcus 11 times and
streptococci 3 times. The findings coincide with the belief of Rosenow,
who is convinced that the organisms responsible for endocarditis are

modified pneumococci, which readily form clumps, thus facilitating
the production of emboli, which is the primary step in endocarditis
according to his interpretation. Experimentally, streptococci have been
employed by many authors for the production of endocarditis in labora¬
tory animals. Beattie17 produced endocarditis and polyarthritis in
animals injected with Micrococcus rheumaticus. These observations
have been substanttiated by the work of Poynton and Paine,10 Cole,18
Walker,19 Libman and Cellar,12 and others. Horder15 found that strep¬
tococci cultivated from the blood in cases of chronic infectious endo¬
carditis, as well as allied streptococci cultivated from the throat and
feces, are prone to produce endocarditis in animals. Rosenow found
that streptococci isolated from cases of endocarditis showed a special
affinity for the endocardium of laboratory animals. He found that
animals injected with these organisms gave 84 per cent, endocarditis
as against only 14 per cent, in animals inoculated with streptococci from
other sources. Further than this, the disease was always an embolie
process and was caused by modified pneumococci. As against these
results, Henrici20 concluded that streptococcal endocarditis usually
develops by implantation on the surface of the valve. The latter
author observed no specific difference in the affinities of the various

11. Poynton and Paine: Lancet, London, 1910, 178, 1524.
12. Libman : Tr. Assn. Am. Phys., 1910, 25, 5. Libman and Cellar: Am. Jour.

Med. Sc., 1910, 140, 516.
13. Osler : Brit. Med. Jour., 1885, 1, 467, 522, 577 and 607; idem., Practi-

tioner, London, 1893, 50, 183.
14. Schottm\l=u"\ller: M\l=u"\nchen.med. Wchnschr., 1903, 50, 849 and 909; 1910,

57, 617.
15. Horder : Quart. Jour. Med., 1908-1909, 2, 289.
16. Billings : The Archives Int. Med., 1909, 4, 409.
17. Beattie : Jour. Med. Research, 1906, 14, 399; idem., Edinburgh Med.

Jour., 1908, 13, 391.
18. Cole : Jour. Infect. Dis., 1904, 1, 714.
19. Walker: Brit. Med. Jour., 1907, p. 1233.
20. Henrici : Jour. Infect. Dis., 1916, 19, 572.
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classes of streptococci for the heart valves. Fox21 inoculated rabbits
with a freshly isolated strain from the tonsil of a girl with rheumatism,
four times in twenty days and found fibrinous mitral endocarditis,
also myocarditis. This author also gave a rabbit eight doses of a

streptococcus pyogenes from a case of puerperal sepsis and found
mitral endocarditis as well as myocarditis. He concluded that all cases
of valvular disease have primary myocarditis present at the base of

Fig. 6.—Animal 120; heart muscle; Streptococcus salivarius; arteriole in
heart muscle showing acute endarteritis with puffing of the intima and infiltra¬
tion of endothelial cells, lymphocytes and leukocytes.

the valve, and that this condition leads to an edema of the valve which
permits of endocarditis.

The lesion observed on the valves of our animals consisted either
of subendothelial hemorrhages or vegetations. Microscopic examina¬
tion of the latter structures showed masses of cocci surrounded by
fibrin with dense collections of leukocytes and lymphocytes. The
endothelial covering of the valve was missing where the vegetation was

21. Fox : Centralbl. f. Path., 1913, 24, 529.
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adherent and fibrin and inflammatory cells with red blood cells extended
into the deeper layers of the valve. In one case a small nodule near

the edge of the valve closely resembled the lesions observed beneath
the mural endocardium, which are described under heart muscle.
Aside from the changes described subendocardial hemorrhages were

found in sixty-eight animals.
Heart Muscle.—In acute rheumatic fever there is a type of myocar¬

ditis which is considered as specific for infection with the rheumatic
virus. These bodies have been termed Aschoff-Geipel bodies and are

most commonly noted in the walls of the left ventricle beneath the
endocardium and pericardium and also frequently about the bases of the
valves. These areas were first described by Aschoff,22 who found that
there was a proliferation of cells arranged in the form of a fan or

rosette, making up nodules which occurred near the small or medium
sized vessels, and often in close relation to the adventitia of these
vessels. The lesions consist of large cells which have one or more poly¬
morphous nuclei and the center of the nodule is faintly staining as if
composed of necrotic masses of protoplasm. Beside the so-called giant
cells, the lesions include large and small lymphocytes, with the latter
more numerous at the periphery. These bodies have since been
described by Wächter,23 Thorel,24 Coombs,25 Fraenkel,26 Douglas,27
Low,28 Thalheimer and Rothschild,29 and many others. Closely allied
or similar lesions have been produced experimentally by a number
of workers. Bracht and Wächter30 observed submiliary nodules in
three or four cases giving a rheumatic history. S. mitis was isolated
from the heart's blood in two of the cases, and when this organism
was injected into rabbits they failed to find Aschoff bodies in the hearts
of the rabbits. They found, however, a focal myocarditis which con¬

sisted of patchy lymphocytic infiltration. They considered these results
significant, however, in that rabbits inoculated with S. pyogenes showed
miliary abscesses in the heart muscle. Jackson31 compares the nodules
produced experimentally with those found in human rheumatic hearts.
This author inoculated rabbits with a hemolytic streptococcus which
was obtained from a milk borne epidemic of sore throat. The myocar-

22. Aschoff : Verhandl. d. deutsch, path. Gesselch., 1904, 8, 46.
23. Wachter : M\l=u"\nchen.med. Wchnschr., 1908, 55, 1101.
24. Thorel : Lubarsch. Ostertag., 1915, 17, 435.
25. Coombs : Jour. Path. and Bacteriol., 1911, 15, 490; idem., Lancet, London,

1909 1, 1377.
26. Fraenkel : Ziegler's Beit. z. path. Anat. u. z. allg. Path., 1912, 52, 597.
27. Douglas: Jour. Path. and Bact., 1913, 18, 119.
28. Low : Ziegler's Beit. z. path. Anat. u. z. allg. Path., 1910, 49, 1.
29. Thalheimer and Rothschild : Jour. Exper. Med., 1914, 19, 417, and 444.
30. Bracht and Wachter : Deutsch. Arch. f. klin. Med., 1909, 96, 493.
31. Jackson: Jour. Infect. Dis., 1912, 11, 243; 1913, 12, 364.
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dium contained small groups of cells which were quite uniformly dis¬
tributed and occupied the space between one or more muscle fibers with
the long axis parallel to the fibers. The most conspicuous cell in these
areas was large, with large oval or round and sometimes irregular
nuclei. These large cells often contained phagocyted streptococci. In
addition to the larger cells, there were smaller cells with more deeply
stained nuclei and a small amount of cytoplasm. These cells and a few

Fig. 7.—Animal 148; skeletal muscle; Streptococcus infrequens; showing
hemorrhage.

leukocytes were irregularly disseminated throughout the area. Thal-
heimer and Rothschild29 injected rabbits with streptococci from epi¬
demic sore throat and had seven animals develop the usual pyogenic
type of lesions caused by S'. pyogenes. Along with an extensive degen¬
eration and destruction of muscle associated with a leukocytic infiltra¬
tion, mainly polymorphonuclear and great numbers of cocci, there were

a few fusiform areas resembling somewhat those described by Jackson.
There were no giant cells, however, and no typical Aschoff bodies.

Downloaded From: http://archinte.jamanetwork.com/ by a University of Pennsylvania User  on 06/20/2015



They base their belief on the fact that the cells were not basophilic
and that their protoplasm did not stain red with methyl-green pyronin.
These same authors also treated rabbits with 5". mitis and S. rheu-
maticus (Poynton and Paine) and found no evidence to indicate that
the focal myocarditis produced was similar to the submiliary nodules
of Aschoff. In two rabbits inoculated with 5". viridans, Hartzeil and
Henrici32 found proliferative lesions in the heart in which multinu-
cleated giant cells were prominent, and which they believed were

similar to Aschoff-Geipel bodies. In a later paper, Henrici20 described
lesions which in the general appearance of the cells, their basicity, their
accumulation in fusiform masses between the muscle fibers, or in
rosettes about the vessels, their frequent subendocardial position and
the frequent occurrence of multinucleated giant cells, presented all the
characteristics of the typical Aschoff-Geipel nodules. This author
also found no difference in the affinity of hemolytic and nonhemolytic
streptococci for the heart muscle.

The reactions in the heart muscle of our animals varied somewhat
in that the changes noted did not always consist of the same type of
cell reaction. In some of the specimens leukocytic infiltration formed
the prominent feature, while in other specimens there was a prolifera¬
tion of large endothelial cells. At times these changes were noted inde¬
pendently or in combination in the same specimen. Where the leu¬
kocytic infiltration was the main feature, there was invasion of these
cells between the muscle fibers, plugging the small capillaries and lymph
spaces, forming a patchy interstitial inflammation. At times the small
arterioles presented an acute endarteritis with a puffing of the intima
and an infiltration of inflammatory cells inside of the elastica interna.
When the reaction advanced the bordering muscle cells were invaded,
with the formation of multiple small abscesses throughout the heart
muscle. These areas consisted either of dense collections of leukocytes
or of necrotic masses surrounded by a zone of these cells. Areas of
a light to deep blue granular material were at times seen replacing the
heart muscle. These areas were frequently unattended by an inflam¬
matory reaction and involved irregular sections of the muscle fibers.
These were looked on as areas of calcification, in that a number of
preparations took the silver nitrate stain. Masses of cocci were fre¬
quently found in the center of the foci described above. Where 5".
salivarius was used, another type of reaction was the rule. In many
areas lymphocytes were the predominant cell, with a few leukocytes
scattered throughout, while again small and large mononuclear cells
were in greater numbers. At times rather large cells were arranged
about the blood vessels and in small nodules beneath the endocardium

32. Hartzell and Henrici : Jour. Am. Med. Assn., 1915, 64, 1055.
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and about the bases of the valves. There was also a similar type of
proliferation which at times took place about the necrotic areas.

Where clumps of cocci occurred in these areas, they were often
phagocyted by the surrounding cells. These cells were swollen or

elongated, with deep staining round or irregular nuclei. The proto¬
plasm of these cells was wide, with a marked tendency to basophilia.
However, many cells had a fairly light protoplasm, with a more dis-

Fig. 8.—Animal 157; skeletal muscle; Streptococcus pyogenes; showing an
exudative lesion consisting of endothelial cells, lymphocytes and a few poly-
morphonuclear leukocytes.

tinctly outlined nucleus, and in these, occasional nuclear figures were
observed. Besides the lesions described, which were found in the
rabbits injected with streptococci, hemorrhages were observed in
twelve animals where there were no such lesions. The hemorrhages
were found most commonly within the papillary muscles of the left
ventricle. Table 2 shows the number of animals affected as well
as the organisms used.
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Joints.—Arthritis has been produced experimentally in animals by a
number of investigators. Wassermann33 isolated a diplococcus which
he regarded as specific for rheumatism. Poynton and Paine10 con¬

firmed this view. Beattie17 found that Micrococcus rheumaticus caused
nonpurulent arthritis in 60 per cent, of the rabbits, and that these
organisms differ from ordinary streptococci in this respect. Beattie
and Yates34 found that ten out of thirty-five strains of 6". viridans
isolated from various sources produced arthritis in rabbits. This was

observed chiefly in the hind legs. Rosenow2 isolated three types of
streptococci in rheumatism, each of which could be readily converted
into the other. These organisms produced arthritis in a small per¬
centage and endocarditis in a high percentage of animals. The results
of Thalheimer and Rothschild29 are directly opposed to these, in that
these authors found 50 per cent, arthritis and 7 per cent, endocarditis
in animals injected with 6". mitis. Furthermore, 45 per cent, of eleven
animals injected with 51. rheumaticus had arthrittis. These authors
also found a variation in the abilitty of strains to produce arthritis,
and concluded that the deduction of a distinct variety of species of
streptococcus based on the power to cause arthritis in rabbits is
unwarranted. Jackson31 found no histologie differences in the joints
of rabbits injected with various streptococci. Henrici20 found that
joint lesions were produced with equal frequency by both hemolytic
and nonhemolytic strains. Schloss and Foster35 used a hemolytic
streptococcus from a throat and produced an arthritis suggestive of
rheumatic arthritis. These authors asserted that chronic arthritis
developed after repeated injections of this organism. Coombs, Miller
and Kettle36 produced proliferative lesions in the joints of rabbits
inoculated with ¿". rheumaticus. Jackson31 and Koch37 have noted
similar alterations in rabbits inoculated with a variety of streptococci.
Dick3 has twice reported the production of arthritis in rabbits and
dogs with B. lactis aerogenes. This author also found that capsulated
gram-negative bacilli isolated from the joints of persons suffering
with rheumatoid arthritis showed a higher degree of affinity for the
joints in animals. The arthritis varied from an acute hemorrhagic
inflammation to a chronic deforming arthritis. In the more chronic
cases the leukocytes present in the exúdate were mostly of the round
cell type. Rosenow has called attention to the frequency with which
capsulated gram-negative bacilli are found in the joint cavities of
animals injected experimentally with these organisms.

33. Wassermann: Berl. klin. Wchnschr., 1899, 36, 638.
34. Beattie and Yates : Jour. Path. and Bacteriol., 1913, 17, 538.
35. Schloss and Foster : Jour. Med. Research, 1913, 29, 9.
36. Coombs, Miller and Kettle : Lancet, London, 1912, 2, 1209.
37. Koch : Ztschr. f. Hyg. Infectionskr., 1912, 72, 321.
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Routine examination of the knee joints was conducted in all rabbits.
Sections of the synovial membrane of the joints were not made. Cul¬
tures were made from all cases, and the joint fluid examined in a suffi¬
cient number of animals to determine the character of the exúdate.
The joint cavities were frequently distended with a thick, turbid,
mucoid fluid, which, on examination, contained leukocytes, fibrin and
bacteria. In case of infection with capsulated gram-negative bacilli,

Fig. 9.—Animal 157; skeletal muscle; Streptococcus pyogenes; showing
marked destruction of muscle cells with a more acute reaction.

the joint fluid was frequently very sticky and stringy. In many animals
the only sign of joint involvement was reddening of the synovial cover¬

ing, or tiny petechiae into this membrane. Periarticular hemorrhages
occurred in fifteen rabbits. Eight were due to hemolytic streptococci,
five to 5\ viridans, one to Pneumococcus and one to B. lactis aerogenes.
Hemolytic streptococci were isolated twenty-five times from the joint
cavity and S. viridans seven times. Fourteen of fifteen animals injected
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with capsulated gram-negative bacilli from several sources not includ¬
ing joints showed these organisms in the joints at necropsy. B. coli
communis was found four times. All of the animals used received
very large doses and lived only a day or so following the injection.
Consequently, sufficient time had not elapsed for the development of
varying degrees of reaction. We observed these conditions in the acute

stage, and as a whole, found very little difference in the picture pre¬
sented. From these results it would appear that the joint in an over¬

whelming infection is frequently the subject of attack by various
organisms causing such infections.

Voluntary Muscles.—Rosenow2 isolated streptococci from cases of
muscular rheumatism in man and was able to reproduce similar lesions
experimentally in animals by using the particular streptococci. Recently
Henrici has reported the production of lesions in the voluntary muscles
of rabbits by injecting them intravenously with various strains of
streptococci.

The lesions observed in the muscles of our rabbits were of two
kinds, either interstitial hemorrhages or areas of infiltration and
necrosis, with, at times, areas of proliferative reaction. The first type
was observed usually as small, well defined bright patches of hemor¬
rhage. In several instances, however, the hemorrhage was very diffuse
and in several rabbits involved all the muscles of an extremity. In
the areas of necrosis with exúdate, the muscle fibers were fragmented
and formed hyaline-like granular bands. There was infiltration of
lymphocytes and leukocytes with clumps of cocci in the neighboring
vessels. At times there was an endothelial-like proliferation in the
spaces between the muscle fibers. In one specimen these cells were

arranged in and out among the muscle fibers in a wavelike or sweeping
fashion. These cells varied in size and shape. Some were large, with
large vesicular nuclei, while others were spindle shaped, with quite deep
staining nuclei. The protoplasm was fairly abundant and moderately
deeply stained. Where the muscle fibers were necrotic the proliferating
cells were of the multinucleated, giant cell type. These muscle cells
were hyaline-like to pale blue and some were fragmented. At times
calcification was in progress in the necrotic muscle cells. In other
places in this muscle, necrosis of muscle cells was the marked feature,
with infiltration of leukocytes and the presence of cocci in the area.

The lesions described above were noted in the gross as small spindle-
shaped foci running in the long axis of the muscle fibers. On cross

section they were observed as pinhead-sized, quite round, yellowish
white dots scattered irregularly throughout the muscle. In one rabbit
these areas were found in all of the skeletal muscles and the diaphragm.
These observations resemble very closely those reported by Henrici.
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Of the rabbits which showed exudative lesions in the muscles, two
received 5. pyogenes hemolyticus and one 5. infrequens. Two other
rabbits inoculated with B. acidi lactici showed degenerative necrotic
areas with marked hemorrhage. Fourteen animals showed interstitial
hemorrhagic lesions. Six were inoculated with green streptococci,
including 5". salivarius, 5, and S. equinus, 1. Four received pure cul¬
tures of hemolytic streptococci, including 5". anginosus, 1 ; S. pyogenes,
2, and 5". hemolyticus infrequens, 1. One rabbit was given a mixture of
S. pyogenes and S. salivarius, and another S. pyogenes and Pneumo^
coccus. The last two rabbits were treated with B. acidi lactici.

Kidneys.—Several types of nephritis have been produced experi¬
mentally in animals by the employment of streptococci. Klotz38 used
the various members of the 5". viridans group and found lesions in the
kidneys similar to those reported by Gaskell39 and Baehr40 in man.

This author also declared that the associated inflammatory processes
of perivascular arrangement found in the heart, liver, joint capsules
and other tissues suggest a common mode of attack by these strepto¬
cocci on many tissues. Lecount and Jackson41 and Henrici20 have
described similar lesions in animals injected with different varieties of
streptococci. The latter author found that the lesions were produced
somewhat more frequently by hemolytic strains than by S. viridans;
however, there was not observed any greater tendency of the former
group to produce miliary abscesses.

Of the rabbits among our animals which showed kidney lesions,
six were injected with S. salivarius, one with S. equinus and four
with hemolytic streptococci, including 5". pyogenes, 3, and 5". anginosus,
1. These lesions were observed in the gross on several occasions as
small yellowish white dots scattered through the cortex. Two of
these animals showed vegetative endocarditis as well as kidney changes.
One was injected with 5". pyogenes and the other with 5". salivarius.
Seven rabbits had myocardial changes as well as kidney lesions. Four
of these animals received doses of 5". salivarius, two 5". pyogenes, and
the last S. anginosus.

Several grades of reaction were noted. A number of animals
included in the foregoing group of eleven showed varying degrees of
hemorrhage into the glomeruli, tubules and interstitial tissues. The
cells of the glomerular tufts were very much swollen, so that the space
was obliterated at times, while again the injury was so great that
hemorrhage took place into the capsular space. Where there was

38. Klotz : Canad. Pract. and Rev., 1914.
39. Gaskell : Jour. Path. and Bacteriol., 1912, 16, 283.
40. Baehr : Jour. Exper. Med., 1912, 14, 330.
41. Lecount and Jackson : Jour. Infect. Dis., 1914, 15, 389.
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hemorrhage into the tubules, the lining cells were in some cases hyaline
in character, with indistinct nuclei. The inflammatory reactions con¬

sisted either of interstitial perivascular infiltration of lymphocytes and
a few plasma cells, or, as in one case, of the formation of minute
abscesses in the intermediate zone. At times the cells of the perivas¬
cular spaces were swollen and proliferating. Still another type of
reaction showed plugs of cocci in the glomeruli. The confines of the
Bowman's capsules were still visible, with the cells of the tufts pressed
against the wall of the capsule, showing several layers where the out¬
lines of the cells were indistinct. About the embolus of the cocci, and
also among the remains of the tufts, there were swollen, proliferating
endothelial cells. Some of these large mononuclear cells contained
phagocyted cocci. The nuclei of these cells were deeply staining and
the protoplasm abundant. Lymphocytes and occasional leukocytes
were observed in these areas. These lesions occurred following the
injection of 5". viridans. Concerning the other inflammatory changes
described, no difference was noted in the relation of hemolytic and
nonhemolytic streptococci to them.

Thymus.—This organ quite frequently showed petechial hemor¬
rhages throughout its structure. These lesions were scattered widely
in the swollen glandlike structure in the form of bright red spots vary¬
ing in size from that of a pinhead to small blotchy patches.

Sections of the thymus showed varying degrees of hemorrhage
into the lobules of the lymphoid tissue. The tiny capillaries were

engorged and distended with red blood cells and they had often rup¬
tured, allowing the blood to spread widely into the tissue. There was

no inflammatory reaction associated with the hemorrhage. In some

places large endothelial cells were lodged in the lymph spaces with,
at times, a moderate proliferation of these cells. The structure of
the gland was mostly swollen and edematous.

Liver.—Examination of the liver of these animals showed the
presence of an exudative lesion twenty-nine times. Ten of these cases

had been treated with hemolytic streptococci, including S. subacidus,
5 ; 5". pyogenes, 3 ; 5\ anginosus, 1, and 5". infrequens, 1. Of the remain¬
ing nineteen, sixteen had received strains of 5. viridans, among which
were S. salivarius, 11 ; 5\ mitus, 2; S. fecalis, 2, and 5". equinus, 1.
Two rabbits were injected with cultures of staphylococcus and one

with B. acidi lactici.
Microscopically, the reaction in the liver was observed in its initial

stages as an accumulation of leukocytes within the sinusoids. These
structures became distended and fibrin threads could be made out
lying among the inflammatory cells. This reaction continued until the
bordering liver cells were attacked when by extension a fairly well
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defined area of necrosis was formed. The alteration occurred in any
part of the lobule. At times the areas were quite small and scattered
diffusely here and there. They were filled with leukocytes, degener¬
ating liver cells and neuclear debris. Occasionally entire lobules were

involved, with the dilated sinusoids packed with leukocytes and the
broken liver columns were stained a hemogeneous pinkish red. In
several cases definite infarction occurred within the liver directly
under the capsule where there was marked infiltration of leukocytes
with the formation of small abscesses. Some livers showed an infiltra¬
tion of lymphocytes in the portal system, while again areas of necrosis
frequently bordered closely on these structures. However, the necrosis
as a rule began with a crowding of the sinusoids by leukocytes and the
reaction then advanced to destruction of liver tissue. In many sections
the sinusoids were engorged with blood.

The reactions were noted with both hemolytic and nonhemolytic
streptococci, although more frequently with the latter group. How¬
ever, the reactions with the hemolytic streptococci were at times
more intense.

Klotz and Bothwell42 have called attention to the necrosis found
in rabbits treated with streptococci and lesions observed in our animals
closely resemble their descriptions.

Lungs.—Seventy-five of the animals showed very congested lungs,
many of which presented definite circumscribed hemorrhages scattered
over the pleura and throughout the tissue.

Sections of the lungs showed chiefly hemorrhage which was char¬
acterized by leakage of blood into the alveoli. This reaction was quite
extensive in some places, while again it consisted more of blotchy
patches lying close under the pleura. Very often the alveoli were

distended with granular, pink-staining lymph either lying free or mixed
with desquamated cells. At times the interalveolar capillaries were

crowded with leukocytes and even formed small foci with evidence of
necrosis. In several sections there was a marked infiltration of
leukocytes into the intima of small arteries without involvement of the
media. A free media separated the intima from the adventitia, which
showed a similar reaction. Some vessels were plugged by thrombi,
with invasion of the wall by leukocytes and extension into the sur¬

rounding tissue. Several times infarcted-like areas were encountered
with the bordering reaction consisting of an admixture of leukocytes,
lymphocytes and large endothelial cells.

The reactions observed in the arteries in the lungs are similar
to those which have been described by me in the arteries of acute
meningitis.

42. Klotz and Bothwell : Proc. Soc. Exper. Biol. and Med., 1914, 11, 118.
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GENERAL DISCUSSION

From the studies of a number of authors working with different
organisms we have learned that the lungs, liver and spleen assume an

important rôle in combating all types of infection. It would appear
that all animals to a certain degree possess defensive properties against
invasion of their blood stream and tissues by infecting agents. This
property seems also to be regulated by several factors which influence
the course of an infection and the ultimate fate of the host. The viru¬
lence of the organisms used, the dosage and the variations in the
natural resistance of animals apparently in identical physical con¬

dition all contribute to irregularities in the course of experimental
infections. We have pointed out elsewhere43 the marked variations in
the character of the infections produced in animals treated with the
same organisms under identical experimental conditions. There can

be but little doubt that natural immunity varies among animals the
same as among human beings. With this fact in view the preciseness
of interpretation of experimental bacterial infections must necessarily
be limited. Particularly from the work of Bull44 we have learned
that the body is able to care for infection of a certain grade beyond
which, however, the animal usually succumbs. This author has found
that with the injection into rabbits of a quantity of virulent organisms
sufficient to cause death within two to four days the septicemia takes
a definite course with slight variations. The bacteria rapidly decrease
in number from the time of injection for two to four hours, at which
time the blood is sterile or contains only a few bacteria. Within five
or six hours the bacteria reappear in the blood and steadily increase
until the death of the animal. The initial disappearance of the organ¬
isms from the blood is due to the activity of the lungs and liver particu¬
larly, and in these locations the organisms are phagocyted following
primary agglutination in the blood stream. We have noted in our

experiments that these organs do not go unscathed in their effort to
rid the blood of the invading organisms, as they quite frequently
present areas of necrosis in their structures. Following this protective
period the organisms multiply in the blood and vigorously attack the
less resistant tissues where they grow and produce focal lesions. In
our experiments very large doses of organisms were administered,
with the result that the natural barriers of the body were overcome

and a wide dissemination of organisms occurred. This widespread
infection was attended by the development of focal lesions in many
tissues without evidence of selective localization. Even where the

43. McMeans : Am. Jour. Med. Sc., 1916, 151, 249; idem., The Archives Int.
Med., 1917, 19, 709.

44. Bull : Jour. Exper. Med., 1914, 20, 237.
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same organism was used through several generations and over an

extended period of time in rabbits there was little tendency for it
regularly to attack a certain tissue. This phase of infection is particu¬
larly well illustrated in our work on experimental appendicitis where
certain strains of streptococci were studied to determine selective
qualities. From this we learned that organisms isolated from joints
presented no tendency to localize exclusively in the joints of other
intravenously treated animals. The same may be said of organisms
isolated from other organs in respect to their source when injected
intravenously into rabbits. From this it is difficult to conceive that
different strains of the same organism should possess distinct local¬
izing power and should vary consistently in their selective action.
Further, the knowledge that we have gained of the mode of blood
stream infection does not harmonize with the theory that organs
exercise a peculiar avidity for particular organisms. The fate of living
bacteria after their introduction into the blood stream of normal
animals has been fairly definitely determined. Such organs as the
lungs, liver and spleen act in the early stages as the protective barriers
of the body. Depending on the dosage and virulence of the organisms
used, these barriers may be overcome, and it is then that the less resis¬
tant tissues of the body are attacked. We cannot support the opinion
that organisms possess a selective quality for organs, which is of a

transient nature and disappears after a few days of artificial cultivation.
In our work entitled "Experimental Appendicitis" we studied certain
strains of streptococci over a period of several weeks and found that
these organisms still would attack the appendix in one case after
cultivation on blood agar for thirty-eight days with but one animal
passage supervening. Another interesting feature which was noted
consisted in the marked variation with which the different organs were

attacked ; even in animals injected with doses from the same subcul¬
ture, no definite order of invasion was followed. Therefore, organisms
which produce an appreciable percentage of lesions in organs other
than those from which they are isolated cannot be listed as a par¬
ticular organ strain.

Regarding the frequency with which the two types of streptococci
attacked the several tissues, it was found that there were no marked
differences in the percentages of lesions caused by hemolytic and non¬

hemolytic streptococci in the endocardium, skeletal muscle and peri-
articular tissues. The green streptococci, however, more frequently
produced vegetative endocarditis, while the hemolytic organisms were

more commonly associated with subendocardial hemorrhages. In regard
to the skeletal muscles, the hemolytic streptococci produced exudative
lesions while the green streptococci were found only in connection with
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hemorrhages. Lesions in the heart and kidney were more frequently
caused by green streptococci, although no great differences were noted
between the character of this lesion and that produced by hemolytic
streptococci. In the third group of animals the percentage of lesions
was in most cases high, due chiefly to the activity of the capsulated
gram-negative bacilli. A comparison of the percentages in the three
groups of animals presents evidence that there was a general invasion
of all the tissues in these animals. There is no evidence to support the
theory of selective localization beyond the view that the tissue forms a
favorable nidus for the growth of an organism, due either to a peculiar
susceptibility on its part or to injury during the "protective period"
which precedes a general infection.

Author's Note: This work was carried out under the direction of Dr. John
A. Hartwell, to whom I am much indebted for advice and assistance.
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